Volume 50, Number 9, 2013

Pages 1287-1300

JRRD

Power mobility with collision avoidance for older adults: User,
caregiver, and prescriber perspectives

Rosalie H. Wang, BSc (OT), PhD;l* Alexandra Korotchenko, BHK, MA, PhD(c);2 Laura Hurd Clarke, MSW,
PhD;2 W. Ben Mortenson, BSc (OT), MSc, PhD;? Alex Mihailidis, PhD, PEng!

1Intelligent Assistive Technology and Systems Lab, Toronto Rehabilitation Institute—University Health Network and
University of Toronto, Toronto, Ontario, Canada; 25chool of Kinesiology, University of British Columbia, Vancouver,
British Columbia, Canada; 3Gerontology Research Centre, Simon Fraser University, Vancouver, British Columbia,

Canada

Abstract—Collision avoidance technology has the capacity to
facilitate safer mobility among older power mobility users with
physical, sensory, and cognitive impairments, thus enabling
independence for more users. Little is known about consumers’
perceptions of collision avoidance. This article draws on inter-
views (29 users, 5 caregivers, and 10 prescribers) to examine
views on design and utilization of this technology. Data analysis
identified three themes: “useful situations or contexts,” “tech-
nology design issues and real-life application,” and “appropri-
ateness of collision avoidance technology for a variety of
users.” Findings support ongoing development of collision
avoidance for older adult users. The majority of participants
supported the technology and felt that it might benefit current
users and users with visual impairments, but might be unsuit-
able for people with significant cognitive impairments. Some
participants voiced concerns regarding the risk for injury with
power mobility use and some identified situations where colli-
sion avoidance might be beneficial (driving backward, avoiding
dynamic obstacles, negotiating outdoor barriers, and learning
power mobility use). Design issues include the need for context
awareness, reliability, and user interface specifications. User
desire to maintain driving autonomy supports development of
collaboratively controlled systems. This research lays the
groundwork for future development by illustrating consumer
requirements for this technology.

Key words: caregiver, collision avoidance, intelligent wheel-
chair, older adult, power mobility, qualitative methods, safety,
smart wheelchair, technology design, user experience.
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INTRODUCTION

With increased rates of mobility limitation reported
by individuals over age 65, there has been a dramatic rise
in wheeled mobility use in this population [1-2]. Previ-
ous research has suggested that power mobility devices
(PMDs), which include power wheelchairs and scooters,
may benefit older adults by enhancing feelings of compe-
tence, autonomy, adaptability, and self-esteem and
increasing older users’ abilities to engage in a wide range
of meaningful physical activities and social roles [3-7].

At the same time, some older adults’ access to PMDs
may be restricted by their inability to operate PMDs
safely and independently [8]. For example, sensory prob-
lems (such as visual acuity and visual field deficits) as
well as impairments in cognition (including judgment,
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planning, responsiveness to feedback, and decision mak-
ing) may reduce a driver’s ability to respond to hazards
[9]. The physical, sensory, and cognitive changes that
accompany age-related chronic conditions, such as arthri-
tis, low vision, and dementia, may discourage prescribers
from recommending PMDs to older users owing to con-
cerns for injury to self or others [10-11]. Moreover, gov-
ernment funding programs often restrict access to PMDs
to those older adults who are able to operate PMDs inde-
pendently [10,12-13].

Smart or intelligent wheelchairs, which typically
combine a conventional power wheelchair with a com-
puter and sensors, have been developed with the aim of
enabling people with various disabilities to achieve safe
and independent mobility [14]. Smart wheelchairs are
designed to assist with obstacle or collision avoidance
(CA), navigation, or other functions [14]. Some are
designed to operate completely autonomously, without
the need for user initiation or intervention, while others
use collaborative control, whereby operation is shared
between the user and the system [15]. Some of these sys-
tems incorporate artificial intelligence that learns about
the users’ preferences, intentions, and abilities and
enables mixed-initiative control [16].

One of the most important intelligent wheelchair
functions is obstacle avoidance or CA, which allows a
driver to navigate without contacting obstacles in a way
that might cause injury or damage property. CA can be
designed with varying components and degrees of com-
plexity. Some designs use different primary or multiple
sensors, including contact sensors (for example, a bumper
skirt [8]) or proximity sensors (for example, ultrasonic or
infrared sensors or stereo cameras [14,17-18]). In
response to detected obstacles, a control system may
(1) deliver a warning to indicate the location and/or prox-
imity of an obstacle, (2) slow the device’s movement, or
(3) stop movement altogether and require the user to nav-
igate away from the obstacle. The Figure shows an
example of an intelligent wheelchair with an obstacle-
avoidance module.

Attempts to design and evaluate advanced power
mobility technology have historically had limited con-
sumer involvement [14,19]. While consumer participation
is becoming increasingly supported in medical technology
design to improve functionality, usability, safety and, ulti-
mately, acceptance, it continues to be challenging [20-21].
User groups are often heterogeneous, have specific needs,
and are problematic to recruit in large numbers. Prototypes
are highly specialized and costly to build, and as such, a

Onboard computing unit and
joystick DCLM mounted
behind seat (not shown)

Stereocamera sensor
mounted in front

Figure.

Example of intelligent power wheelchair. Sensor detects fea-
tures of environment and sends information to onboard com-
puting unit. Onboard computing unit processes information to
determine whether to stop or allow wheelchair movement in
various directions. If decision is to stop movement in certain
directions, joystick direction control logic module (DCLM) will
interrupt commands from joystick that direct motor controller to
move wheelchair in those directions.

limited number are available for evaluation [22]. Further-
more, developers are frequently disconnected from users’
daily driving experiences, creating a mismatch in the goals
or priorities of technology developers and the needs and
requirements of older PMD users, their caregivers, and
PMD prescribers such as occupational therapists or phys-
iotherapists. Therefore, there is a significant gap in knowl-
edge concerning how PMD users, caregivers, and
prescribers perceive technology such as CA with respect
to its design and utilization.
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METHODS

In this study, a qualitative research approach was
used and thematic analysis was applied to analyze in-
depth, semistructured interview data. The data reported
in this article, which concerns consumers’ perceptions of
the design and use of CA technology, are a subset of data
collected in a larger study focusing on identifying the
needs and concerns of older PMD users and the design
requirements of intelligent power wheelchair technolo-
gies to improve mobility opportunities. The study is part
of CanWheel (www.canwheel.ca), an interdisciplinary
research program.

Semistructured Interviews

Interviews were conducted with PMD users, caregiv-
ers, and prescribers. The use of semistructured interviews
was selected over other data collection approaches for
several reasons. Semistructured interviews enabled the
collection of rich data on individual experiences and per-
ceptions [23] and allowed the exploration of sensitive
topics concerning disability and the body [24]. A com-
paratively nonthreatening and private environment would
likely have been difficult to achieve in group interviews
or focus groups. Furthermore, individual interviews were
more feasible because of practical issues associated with
assembling together older adults with mobility impair-
ments in a group discussion, because the PMD users
interviewed were often physically frail, had limited com-
munity transportation options, and/or had communication
difficulties (for example, had hearing impairment or
decreased speech intelligibility or used augmentative
communication devices).

Development of the interview schedules for users,
caregivers, and prescribers was an iterative and collabora-
tive process involving members of the CanWheel team.
The questions pertaining to power mobility technologies
were developed with members of the technology develop-
ment team. The interview schedule for the larger study
included questions on the backgrounds of the interview-
ees, their mobility histories, and experiences with mobility
devices. Questions that pertained to power mobility tech-
nology in general as well as CA are included in the sample
interview guide for users in the Appendix (available
online only). The purpose of these questions was to elicit
information that might inform the design and use of CA
technologies. Because the user and prescriber interviews
were completed before the caregiver interviews, there was
an opportunity to review the questions for the caregiver
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group and make modifications to better illustrate the tech-
nology concepts. Consequently, caregivers were presented
with a short video clip (13 s) showing an individual driv-
ing a power wheelchair with CA. The clip illustrated how
a power wheelchair might stop and provide an audio
prompt to help the user navigate away from a nearby
obstacle.

Participant Inclusion and Exclusion Criteria

All participants had to be able to participate in a spo-
ken or communication device-enabled interview in Eng-
lish. Users were aged 50 or older and had to have used a
PMD for at least 12 mo. Caregivers had to be aged 19 or
older and be an unpaid caregiver (for example, a family
member) or a paid caregiver directly hired by a PMD
user aged 50 or older. In addition, caregivers had to pro-
vide care for someone who was a current PMD user or
who had trialed a PMD. Caregivers of care recipients
who had trialed a regular power wheelchair and a power
wheelchair with CA in a previous study (up to 10 times
of use for both versions of the PMD and over 2-3 wk in
total) were also included. Prescribers had to be rehabilita-
tion professionals (occupational therapists or physiother-
apists) with recent (within the last 3 yr) experience
prescribing PMDs to people aged 50 or older.

Recruitment

With use of a nonprobability sampling method, PMD
users were recruited via advertisements in community
centers, support organization newsletters, clinical con-
tacts, and a community-based contact. Caregivers were
recruited via advertisements in a rehabilitation hospital,
support organization Web sites, and community centers;
a mobility trade show; and a contact conducting power
mobility technology research. Prescribers were recruited
through third-party recruiters by electronic mail corre-
spondence and by snowball sampling in the prescriber
community. User and prescriber interviews were con-
ducted in the Greater Vancouver, Canada, area while
caregiver interviews were undertaken in the Greater
Toronto, Canada, area.

Procedures

All study participants provided written informed con-
sent, including permission to digitally record interviews,
before interviews commenced. As part of the informed con-
sent process, participants were assured that all data
collected from them would remain confidential and
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information revealing their identities would not be released
or published. Each of the participants was interviewed at
least once at a location of their choosing. Most interviews
took place in the participants’ place of residence. Others
were conducted in their workplace or in a public space such
as a coffee shop. Demographic and other descriptive infor-
mation were collected from participants at the start of the
interview. The second author and a trained graduate student
conducted the user interviews, the first author conducted
the caregiver interviews, and another trained graduate stu-
dent conducted prescriber interviews. All interviewers were
supervised by the study’s principal investigator (third
author). Participants were offered a $25 honorarium as
compensation for their time.

Data Analysis

Interviews were transcribed verbatim and analyzed
using a thematic analysis approach that aims to identify,
reduce, and summarize important patterns and ideas
within the data [25]. Transcripts were initially reviewed
by three of the authors, one for each data set of users,
caregivers, and prescribers, to make preliminary catego-
rizations and to identify data relevant to power mobility
safety and CA technology design and use. The relevant
interview segments were then compiled and further ana-
lyzed by the first author to categorize the data. During
this process, data segments were read repeatedly to
extract similarities and differences in ideas and experi-
ences that spanned the user, caregiver, and prescriber
groups, resulting in the development of a framework of
themes and subcategories. To further refine the themes
and subcategories, the findings were reviewed through
several iterations by the authors. Assumptions and differ-
ences in interpretation of the data were discussed until
agreement was achieved. The quotes that best illustrated
the themes and subcategories in the data were selected
for inclusion in the manuscript.

The study used a variety of trustworthiness strate-
gies. Interviewers used postinterview debriefing sessions
and reflective commentaries that were shared with the
research team to refine interview techniques, discuss ini-
tial impressions of the data, identify areas requiring fur-
ther investigation, and consider alternative approaches
and understandings of the data. As a form of investigator
triangulation [26], the diverse professional backgrounds
of the investigators added to the credibility of the find-
ings. Two authors have backgrounds in occupational
therapy, two in the social sciences, and one in engineer-

ing. The diversity encouraged a wide variety of interpre-
tations of the data to be considered and questions asked
during the data analysis. In order to gain a comprehensive
understanding of consumers’ perceptions of CA technol-
ogy and enhance the validity of the findings, data were
collected from three data sources (consumer groups).
Finally, as a form of member checking, users and pre-
scribers were given an initial report summarizing the
findings of the study and were invited to provide feed-
back; however, none was received.

RESULTS

Description of Participants

The age and sex of all participants are shown in
Table 1. Additional information about the users (n = 29),
caregivers (n = 5), and prescribers (n = 10) are shown in
Tables 2, 3, and 4 respectively.

Themes

Table 5 outlines the three overarching themes and
subcategories resulting from our analysis of interviews
from the three participant groups.

In the results that follow, participants from different
groups are denoted by the following codes: U = users,
C = caregivers, and P = prescribers, plus their identifica-
tion numbers. Pseudonyms have been used to protect par-
ticipant anonymity.

Useful Situations or Contexts

The majority of users (20 of 29) explicitly indicated
that CA might be helpful for them or others. Further, four
caregivers and all the prescribers recognized the benefits
of CA to assist with safety or functional concerns.
Indeed, a large majority of the users (25) and caregivers
(4) and all the prescribers (10) readily identified daily sit-
uations or contexts in which PMD driving might cause
safety or functional problems. Some of the problems
included parking and maneuvering in tight spaces such as
narrow doors, hallways, and elevators. Areas of specific
concern identified by participants and described in more
detail below include the following: backing up, avoiding
dynamic obstacles, physical barriers to driving outdoors,
and learning to use a PMD.

Backing up. Seven users, five prescribers, and one
caregiver identified backing up in a PMD as a particular
concern and recognized CA as an important potential
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Table 1. Table 2.
Demographic information of users, caregivers, and prescribers. Descriptive characteristics of users (n = 29).
Participant Group n Characteristic n
Users (n =29) Place of Residence
Age (yr) Assisted Living Facility 7
50-59 14 Long-Term Care Facility 12
60-69 4 Community Dwelling (private home) 10
70-79 3 Mobility Device Experience (yr)
80-89 7 1-10 19
90+ 1 11-20 4
Sex 21-30 1
Male 14 31-40 4
Female 15 Undisclosed 1
Caregivers (N =5) Diagnosis Related to Mobility Device Use
Age (yr) Spinal Cord Injury 8
40-49 1 Multiple Sclerosis 4
50-59 1 Stroke 4
60-69 2 Aneurism 1
70-79 0 Unclassified Neurological Disorder 2
80+ 1 Poliomyelitis or Postpoliomyelitis 5
Sex Amputation 2
Male 0 Circulation Problem 1
Female 5 Urosepsis 1
Prescribers (n = 10) Undisclosed 1
Age (yr)
20-29 2
30-39 3 Table 3.
40-49 1 Descriptive characteristics of caregivers (n = 5).
50-59 2 Characteristic n
60-69 2 Relationship to Care Recipient
Sex Spouse (wife) 2
Male 1 Privately Hired Caregiver 1
Female 9 Lifelong Friend 1
Child (daughter) 1
Years as Caregiver
solution. Paul (U12) and Harold (U23) noted that while (1)510 :2%
+

mirrors are often recommended, they are inadequate, par-
ticularly if they accidentally point to the floor or pro-
trude, making the overall PMD wider and more difficult
to maneuver. Users and prescribers agreed that a warning
or stopping system would be helpful when backing up to
prevent damage to property and harm to people or pets.
For example, Nathan (U11) had this to say about being
unable to see behind him: “I always worry about running
over somebody, ‘cause I'm sure this chair would really
hurt.” Melissa (P5) and Denise (P10) described how their
clients’ physical limitations made shoulder checking and
backing up particularly challenging, with Denise (P10)
remarking that some clients backed up by “sound,” that
is, stopping only when they heard their PMD colliding
with an obstacle. Although Mabel (C5) thought that CA

*These caregivers provided care to individuals who were not normally power
wheelchair users but participated in study to evaluate power wheelchair.

would not be particularly useful for her husband at the
present time, she agreed that the technology might help
her husband back up in his PMD more safely, noting that
she often had to alert him to obstacles that were behind
him.

Avoiding dynamic obstacles. Twelve users and two
prescribers described situations in which dynamic or
moving obstacles were problematic. Half the users who
identified these types of driving issues did not consider
CA to be a useful solution to these problems, while the
other half did. For example, Nancy (U6) felt that CA




1292

JRRD, Volume 50, Number 9, 2013

Table 4.
Descriptive characteristics of prescribers (n = 10, all occupational
therapists).

Characteristic n
Type of Clinical Experience*
Acute 5
Residential 6
Rehabilitation 6
Community 6
Years of Clinical Experience
1-10 4
11-20 1
21-30 3
31-40 2
Years of Power Mobility Experience with
Older Adults
1-10 6
11-20 1
21-30 3

*All prescribers had >1 type of clinical experience; therefore, sum of counts # n.

Table 5.
Summary of themes.

Theme Subcategory
Useful Situations or Contexts ~ Backing up

Avoiding dynamic obstacles
Physical outdoor barriers
Learning to drive

Context awareness
System reliability
User interface

Technology Design Issues and
Real-Life Application

Appropriateness of Collision —
Avoidance Technology for
Variety of Users

would be helpful for people driving in a busy dining
room with numerous people moving among tables and
chairs or in a crowded store. Nathan (U11), who also sup-
ported CA, mentioned some of the difficulties he typi-
cally experienced in anticipating people in motion,
recalling several occasions when he nearly hit “people
stepping out . . . from hallways going the other direc-
tion.” Likewise, Bethany (P4) and Melissa (P5) stated
that CA might be useful in busy and unpredictable envi-
ronments. Bethany (P4) had some reservations about CA,
suggesting that “If you’re out on a busy sidewalk . . . you
might be stopping all the time because the pedestrians
don’t walk around you,” but she maintained that CA
technology “could help more than hinder.” Indeed, while

some users like Lenny (U4) did not specify that CA could
help them to navigate dynamic environments, they men-
tioned actively avoiding crowded situations in which CA
might have been useful.

Physical outdoor barriers. Of the users, 19 men-
tioned environmental obstacles that affected their out-
door driving safety. However, only six of the users
indicated that problems with physical outdoor barriers
might be avoided or overcome with the help of CA tech-
nology. Obstacles included cracked sidewalks, slopes,
hidden sidewalk drop-offs, and broken glass. The biggest
challenges were negotiating curb drop-offs and curb cuts,
with users reporting that they did not notice the drop-off
or they took curb cuts at the wrong angle. These incidents
also led to tips, occasional falls, and injuries. Jerome
(U20) offered a case when a warning system may be use-
ful: “If there was a dip in the road that you couldn’t see, if
that technology could tell you that the dip is greater than
what your chair is able to handle . . . Sometimes when
you’re talking to someone or you're looking around and
you’re wheeling . . . all of a sudden the chair dips and it’s
a huge surprise.”

Learning to drive. The benefits of CA for driver
training were identified by two of the users and one pre-
scriber. The value of CA for training purposes was sup-
ported by Marcus (U8), who did not think either feature
would be useful to him personally, but considered CA to
be “a huge training tool” for someone learning about the
features and limitations of a new chair. He suggested that
older people in particular, who are adapting to new tech-
nology, might benefit the most. Noting that adjusting to a
PMD’s large dimensions could be challenging for some
clients, Marlene (P3) echoed this sentiment as she
remarked that while CA could be valuable for long-term
use, it would be especially beneficial when someone was
initially learning to drive.

Technology Design Issues and Real-Life Application
Regardless of their opinions of CA, users (11), care-

givers (2), and prescribers (7) had concerns about the

technology’s design and how CA might work in practice.

Context awareness. Four users, one caregiver, and
three prescribers identified the necessity for context
awareness in the system. That is, the CA system would
need to know about the driver’s intentions and immediate
environment and how different obstacles are differenti-
ated. For instance, Bethany (P4) and Gina (C1) wondered
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how a CA system would work in tight spaces. Gina (C1),
who was ambivalent about the technology for her hus-
band, noted that the hallways in her home had 3 in. of
clearance on either side of her husband’s power wheel-
chair. Because of the limited space, her husband often
bumped the walls when turning into their bedroom.
Hence, the system would need to know if the user wished
to get close to or even needed to make contact with obsta-
cles to achieve mobility in their environment.

In addition to concerns about how close the system
would allow users to get to obstacles before a warning
was delivered or when the device stopped, some rejected
the CA concept based on their understanding of the sys-
tem requirements for context awareness. Lenny (U4)
mentioned situations where he needed to be close to an
object, such as a table. Jerome (U20) discussed using
object contacts functionally: “With the power wheelchair
being so strong and so powerful, if there are obstacles, |
can move them by pushing them with my foot pedals . . .
and get them out of the way.” Further, Valerie (P2) indi-
cated that users might choose to collide with objects in an
effort to avoid more serious consequences: “It’s just like
driving. Sometimes you make a collision to avoid a big-
ger collision or you hit an object to avoid a person, and
you get out of the way of a car coming towards you, even
if that means you’re hitting something on the sidewalk.”

System reliability. Frank (P6) and Paulina (C4) had
concerns about a CA system’s reliability in detecting
obstacles. They wondered how the obstacle detection
system would work with respect to sensor placement,
how much of the surrounding environment the sensors
would cover, and problems with detection failure. Frank
(P6), who supported CA for his clients, felt that sensors
would need to detect obstacles at a range of heights and
all around the chair to provide adequate coverage and
ensure reliable detection of obstacles. He gave a personal
example of a near collision with a van that had a CA sys-
tem that failed to detect his car. Paulina (C4) also won-
dered how much coverage might be necessary to avoid
accidents, because sensors would have to detect obstacles
at varying heights and curb drop-offs.

User interface. Six users, two caregivers, and five
prescribers identified potential user interface issues,
which included the degree or nature of the user’s shared
control with the system, the modalities used to deliver
information to the user, and the content and characteris-
tics of the information provided. Both users and prescrib-
ers had concerns about the level of control that the user
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would have over the PMD if it stopped. Users indicated
that they wanted to maintain control over their PMDs.
Barbara (U18) said that the capability of the PMD to stop
by itself would be a great idea, but that “you’d have to be
able to override it . . . if you looked and saw [the driving
situation] was safe.” While supportive of the concept,
Harold (U23) wondered how long a PMD equipped with
CA would be stopped and whether regaining control over
the PMD would require intervention from a caregiver or
healthcare worker. Jerome (U20) rejected the technology
because of the automatic stopping feature, contending “I
would perceive that as one more technological thing that
someone else or the manufacturer or whoever programs
the chair is controlling . . . that’s how | would see it, as a
more of a limitation and restriction and control.”

Questions were also raised regarding the modalities
of warnings or prompts given to the user. Participants
stressed that the effectiveness of the modality, for exam-
ple, visual or auditory, would depend on the user’s abili-
ties. Lorraine (U1) noted the incompatibility of flashing
light indicators with users who were visually impaired.
Likewise, Gina (C1) suggested that auditory feedback
might not be helpful for individuals with cognitive
impairments if they could no longer follow verbal direc-
tions, were not spatially oriented, or did not know their
right from their left. While Gina (C1) agreed that audi-
tory feedback might be useful for individuals with visual
impairment, she was ambivalent about touch feedback
because it would have to be delivered on a body location
with intact sensation. Her husband had a spinal cord
injury and inconsistent sensation below his neck, so tac-
tile feedback could only be applied above his neck.

The content and characteristics of the feedback could
limit their usefulness or affect users in various ways.
Gina (C1) pointed out that simple audio prompts, such as
“turn left,” would omit important distance information to
avoid an obstacle, information that would be critical for
someone with low vision. Janine (P9) suggested that the
use of auditory beeps as a warning could be problematic
if it did not reveal the reason for the warning going off;
for example, if the user does not recognize that there is an
obstacle in the environment and the system does not pro-
vide obstacle location information to cue the user. Simi-
larly, Marlene (P3) wondered whether, in an extreme
case, the “stimulus overload” of a beeper going off
frequently and for a reason unknown to the user might
agitate the user. Janine (P9) was also concerned whether
the information delivery modality might be distracting,
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leading clients to have more accidents. For example,
users might need to take their eyes off the road if infor-
mation was given visually. Nevertheless, Joan (C3)
thought that having prompts that indicate the best direc-
tions to drive to avoid obstacles might alleviate some of
the problem solving and stresses related to driving.
According to Denise (P10), the resulting technology
would have to be flexible to modify the warning modali-
ties and be programmable to suit different clients.

Appropriateness of Collision Avoidance Technology for
Variety of Users

There were competing views among the users (8),
caregivers (4), and prescribers (9) about whether CA
would be appropriate for particular users. Melissa (P5)
and Frank (P6) thought that all their clients would benefit
from having CA. In other cases, users, caregivers, and
prescribers offered examples of physical and sensory
limitations that could be accommodated with CA tech-
nology. Nick (U2), Robena (P8), and Janine (P9) high-
lighted the value of the technology for people with
decreased range of motion in their necks who had diffi-
culty looking behind them to back up. Further, in contrast
to those who raised concerns about the applicability of
the technology for individuals with visual impairments,
five users and two caregivers indicated that the technol-
ogy would be useful precisely for this population. For
example, Mabel (C5) specified that CA could help people
who have difficulty judging distances.

Participants were more skeptical of the technology’s
capacity to accommodate cognitive limitations. Marcus
(U8) noted that the technology would be helpful for new
drivers and, in particular, those who might have cognitive
impairments and resultant difficulties in acquiring new
driving skills. At the same time, some prescribers and
caregivers viewed cognitive impairment as a complica-
tion for power mobility use. Gina (C1), who worked pro-
fessionally with people with cognitive impairments and
who had a family member with dementia, considered
power mobility with CA to be inappropriate for individu-
als with significant cognitive limitations. Similarly, Joan
(C3) indicated that the user would have to be able to
interpret the system’s feedback and follow directions cor-
rectly if CA were to be used successfully. Frank (P6) sug-
gested that CA might be beneficial for users who were
borderline safe drivers, but not for those with severe cog-
nitive limitations. He explained, “There are those who
are clearly unsafe and those that are clearly safe. And in

between you have the borderline clients. | wouldn’t
imagine that you would use CA to make somebody who’s
in the unsafe category safe. It would be more for those
borderline clients, who are already safe, [to] help them be
safe longer and decrease chances of accidents.”

DISCUSSION

In this study, the views of users, caregivers, and pre-
scribers concerning the use of PMDs with CA technology
were explored. While the participants expressed realistic
concerns about how CA technology might be designed or
implemented, overall, they supported the concept of CA.
Building on previous reports [27], the findings presented
in this study offer justification for the need for CA tech-
nology from the perspective of consumers. Discussion of
the results examines the driving concerns experienced or
observed by participants, CA technology design issues,
the potential users of CA technology, recommendations
for future work, and the limitations of the study.

Power Mobility Driving Concerns

Participants identified a variety of potential safety
concerns with power mobility use, but also emphasized
how critical and challenging it was to carry out daily
activities in desired locations with PMDs. Regarding
safety, the risk of potentially injuring others was a key
concern for participants and an issue that CA was per-
ceived to have the potential to ameliorate. PMD users’
and prescribers’ concerns regarding driving into and
injuring others with PMDs are similarly highlighted in
other studies [7,28-29]. Likewise, the physical environ-
mental barriers to safe and functional mobility experi-
enced in everyday life described by participants in this
study are comparable to those identified in others studies
[29-31]. These findings suggest that while PMDs may
enable mobility and enhance users’ lives in a number of
ways [4,13,30-31], bodily limitations, the physical and
social environment, and suboptimal technology continue
to leave many PMD users’ needs and concerns unad-
dressed. Indeed, current technology may inadequately
address users’ requirements because it is also unclear
whether many of the power wheelchairs currently avail-
able on the market are meeting the needs of older users,
given that the average age of power wheelchair users is
approximately 51 yr [32]. Furthermore, some driving
safety and functional mobility concerns may be
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addressed with improved provision practices. For exam-
ple, some users may have insufficient guidance or super-
vision from healthcare providers in their acquisition of a
PMD. That is, users may purchase devices without
appropriate assessment or training [31,33-34]. Suffice it
to say, many opportunities exist for advanced technology
and better service delivery to improve the lives of older
PMD users.

Although most of the users who identified daily driv-
ing concerns also acknowledged the potential of
advanced technology to address these issues, many did
not. There may be several possible explanations for this
discrepancy. For example, the participants’ ambivalence
toward the technology may have been related to how CA
was explained to participants, resulting in different
understandings of how the technology may operate.
Users may have had pre-existing beliefs or assumptions
about how the technology operated. Their attitudes
toward assistive technology and openness to or aware-
ness of technological possibilities may have also been a
factor [35-36]. Moreover, users may have been wary of
highlighting driving difficulties for fear of putting their
driving privileges at risk.

While CA was presented as a PMD modification for
long-term use, participants also identified the utility of
the technology during the learning period of PMD use.
Previous studies have suggested that new PMD users
with and without intact sensory, perceptual, or cognitive
abilities may benefit from additional training in device
use [37-38]. In another study, some older users noted that
they did not use their PMDs as frequently as they would
like because of their of lack confidence in their abilities
to negotiate the environment [29]. Hence, CA technology
may provide enhanced opportunities for skills and confi-
dence training. CA technology’s potential as an adjunc-
tive training tool for older users has been previously
suggested [39]. However, the effectiveness of CA and the
recommended protocols to be used in power mobility
training with older adults requires further exploration.

Technology Design Issues

Despite the support the majority of the participants
displayed for the concept of CA, many raised issues that
reflected the persistent challenges in the technical imple-
mentation of CA technology that have been noted in the
literature. While possibly unknown to the participants,
these technical concerns are being actively researched in
the fields of robotics and artificial intelligence for power
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mobility and other applications [40-41]. Indeed, in
power mobility applications, the requirements are strin-
gent since a failure can result in serious injury to bystand-
ers or users [8]. Achieving sufficient sensor sensitivity
and reliability for different obstacle types, materials, and
locations and enabling robust detection in natural and
varied lighting are important challenges to be addressed
[42]. The participants identified several driving concerns,
such as dynamic obstacle avoidance and negotiating
physical outdoor obstacles that are ongoing issues [43—
44]. Furthermore, researchers are developing context-
aware systems and participants recognized the impor-
tance of context awareness, including the need for a deci-
sion-making hierarchy that recognizes and prioritizes
avoidance of people as opposed to inanimate objects.
When trying to create a truly functional CA system, a key
consideration voiced by a number of participants was the
need for a collaboratively controlled system that allows
the user to maintain as much control over the operation of
the PMD as possible [15,45-46]. Much more research is
necessary to elucidate the detailed requirements of how
to match technology to specific users with collaborative
control and other user interface strategies. However,
because of the complexity of these functions, the devel-
opment and integration of these capabilities into a com-
plete power mobility CA system for users has yet to be
achieved.

Potential Users of Collision Avoidance Technology

Findings suggest that CA technology should not be
developed exclusively for users with physical, sensory,
and/or cognitive challenges that currently preclude power
mobility use [8,41]. Rather, CA technology can be appli-
cable to a broad range of user abilities and requirements,
including current PMD users who might benefit from the
technology as an added safety feature. As identified by
one of the prescribers in this study, it is conceivable that
CA may assist users whose needs and abilities change
over time, thereby prolonging their use of PMDs. With
the potential for enhanced safety, the use of power mobil-
ity could also be extended to a larger number of users. As
previously suggested in the literature, however, it is diffi-
cult to determine the need for such technology (for exam-
ple, the number of users who might benefit) because
capable PMD users and nondisabled people may occa-
sionally have accidents [7,27].

The criteria for PMD prescription and use often
require intact cognition, and cognitive limitation has been
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found in one study to be the determining factor in
whether an older adult is prescribed a manual over a
power wheelchair [47]. However, the user, caregiver, and
prescriber groups’ accounts of their experiences of power
mobility suggest that users’ capacities may lie along a
continuum of cognitive abilities. That is, the accounts of
the participants in this study indicate that there may be
existing cases of users with mild or even moderate cogni-
tive impairment operating PMDs. The prescribers alluded
to situations wherein some clients continued to utilize
power mobility even though they were considered to be
borderline safe drivers. These observations correspond
with those found in the study by Mortenson et al. [7],
which reported that stakeholders from a variety of groups
(residents, families, and staff) were in favor of giving the
opportunity to use power mobility in residential care
even following the emergence of symptoms of cognitive
impairment.

In contrast, in discussing technological modifications
that may enable safe and independent use, participants
highlighted their reservations regarding the potential for
CA to enable power mobility use among individuals with
cognitive impairments. To begin, some participants
voiced concerns over whether the technology can ade-
quately compensate for cognitive changes and minimize
the risk for serious injury to others and the driver. For
instance, it could be argued that users with cognitive
impairments might inadvertently place themselves in
high-risk situations in which CA technology is unable to
negotiate the environment. The concern also leads to
questions of informed consent and liability and the extent
to which a user might knowingly consent to using a PMD
that might cause injury or harm. Further, participants
raised questions regarding the severity of cognitive
decline that might be accommodated with CA technology.
It remains unclear what features, modifications, and user
interface requirements are necessary to enable users with
cognitive impairments to use a power wheelchair safely
and effectively. The case for power mobility for users
with cognitive impairment remains complicated and fur-
ther exploration is necessary to better define how and
under what circumstances the technology might be used.

Recommendations for Future Work

The general support for the idea of CA technology
provides encouragement for the continued collaboration
between clinicians, engineers, and computer scientists and
users, caregivers, and prescribers so as to overcome the

outstanding technical challenges and to address the needs
and requirements of consumers presented in this article.
Much of the development work in CA technology has not
been consumer driven or has not involved the consumer
groups who were involved in this study. These findings
may begin to fill knowledge gaps in the development pro-
cess for CA technology for older adult PMD users.

In spite of the difficulties inherent in consumer col-
laboration, involving various consumer groups in CA
development offers a number of benefits and should be
pursued in future work. The difficulties often cited in
involving consumers in technology design include time
and funding constraints, complications in recruiting par-
ticipants, consumers’ lack of understanding of how com-
plex technologies work, consumers’ vulnerability and
intolerance for demanding activities, and developers’
negative perceptions of the usefulness or validity of con-
sumer views [21]. Some users may experience communi-
cation difficulties as a result of physical or cognitive
disabilities, which may further restrict effective collabo-
ration [20,48]. However, the benefits of involving con-
sumers were apparent in this study. Diverse participant
groups offered valuable insights into the applicability of
CA technology to their lives and made astute observa-
tions and queries critical to informing the design of future
power mobility technology. The insights gained can help
to improve the relevance, usefulness, and adoption of
CA. The constructive comments offered by the partici-
pants also help to dispel concerns that users of assistive
technology may not have much to contribute to the
design process [21].

With respect to the technology design process and
methodology to evaluate future prototypes, it is recom-
mended that future studies involve users, caregivers, and
prescribers in more hands-on experiences in trialing pro-
totype systems. Verbal explanations and video demon-
strations may offer good stimuli for discussion, as used in
the current study, but real tests of usefulness, usability,
and environmental fit can be best performed when con-
sumers try working prototypes and experience the func-
tions and implications of using CA themselves.
Furthermore, because the development process involves
multiple iterations of hardware and software implementa-
tions, it will be crucial to involve user groups at multiple
stages, rather than when the development team considers
a product to be “finished” [21,49]. Testing at these end
points may be detrimental to resources and morale if the
focus of development diverges too greatly from what
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consumers groups may need or want and discovered only
at the time of evaluation. Major design changes may also
be less likely to occur if identified at later stages [49].

Finally, several other avenues for future research are
highlighted in this article. Additional research directions
relate to the continual need to pursue new technology and
service delivery practices to address PMD use safety and
functional mobility issues for current and prospective
older adult users. Specifically, further exploration of
effective training procedures for PMD use and the appli-
cation of CA technology in training are warranted. As
CA and other technology are being developed to poten-
tially expand the user base for PMDs, it will be necessary
to investigate the implications of users’ cognitive abili-
ties and the associated technology design and service
provision requirements.

Study Limitations

There were several limitations to this study. The par-
ticipants were volunteers who were made aware of the
study by advertisements and clinical or other contacts.
While efforts were made to distribute the information
broadly, there was a potential for volunteer bias, leading to
limitations in the applicability of the findings to some con-
sumer groups. However, the broad participant inclusion
criteria within each of the groups may improve the trans-
ferability of findings [50]. For example, users who lived in
various types of residences and who had a range of diag-
noses that affect mobility were included. Caregivers
included those who cared for someone living at home or in
a care facility. Prescribers included those who worked in a
range of practice areas. The team initially planned to
simultaneously recruit caregivers associated with users,
but this proved challenging. Despite expanding the
recruitment to include caregivers who were not associated
with a user already involved in the study, the team found it
challenging to recruit caregivers at the site of the user and
prescriber interviews. This lead to the involvement of a
second study location where, despite further efforts, it was
only possible to recruit five caregivers. Because the care-
giver interviews were conducted following the completion
of the user and prescriber interviews, it was determined to
be useful during the caregiver interviews to include a
video illustrating how the technology might work. As
such, the explanation of the technology may have been
clearer for the caregivers. Furthermore, the two caregivers
of users who were not current PMD users may have had
different perspectives and knowledge about power mobil-
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ity. For example, they may not have had the knowledge of
long-term use that other caregivers may have had. How-
ever, caregivers in these cases were included because it
was felt that they had sufficient knowledge about power
mobility and their care recipients’ needs to be included in
the study. Because the caregivers had some experience
with CA technology, their perspectives of the technology
may also have differed. It may also have been challenging
for participants to evaluate a new technology without a
functional prototype being present. Responses were thus
based on hypothetical technology and dependent on how it
was presented and interpreted. Finally, this interview-
based study explored design requirements as themes and
subcategories, and as such, participants were not asked to
prioritize their technology-related needs and requirements.
Nevertheless, the findings are valuable in formulating use
cases or scenarios to guide design [51] and to offer support
for existing research and development efforts.

CONCLUSIONS

The findings from this study indicate that the develop-
ment of CA for older adults should continue to be pur-
sued. The majority of participants interviewed were
supportive of CA and thought that the technology might
be beneficial to current PMD users and users with visual
impairments, but might be unsuitable for people with sig-
nificant cognitive impairments. Important technology
design issues included the need for context awareness in
the intelligent system, reliability, and user interface speci-
fications. Furthermore, the desire for users to maintain as
much autonomy over their driving as possible supports the
need for a collaboratively controlled system. This research
lays the groundwork for future development by identify-
ing and illustrating consumer needs for this technology.
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